A t least ≥30% of strokes in China are intracerebral hemorrhages (ICH) when compared with ≈15% in Western countries, with a noticeable south-north gradient. [1] [2] [3] [4] In absolute terms, this equates to large numbers of cases in China, and interventions to reduce the effects of ICH are important to determine. This is because ICH is generally more severe than ischemic stroke 5 and is associated with poorer functional outcome and higher case-fatality. 6 Evidence suggests that very early physical rehabilitation (VER) of stroke survivors may result in better motor recovery, reduced mental, functional and neurological disability, and improved quality of life.
stroke, acute care interventions received, and outcomes. For example, they are less likely to be managed on a stroke unit and are less likely to receive early allied health interventions, independent of stroke severity. 5 Clinical guidelines for the management of ICH recommend close monitoring and stringent blood pressure control in the early period after ICH. 13 This may cause reluctance to implement early active treatments in these patients, despite the guidelines also recommending that rehabilitation commence as early as possible. 13 Among clinicians, there is still debate about when mobilization or rehabilitation should commence. However, there is a general consensus that patients with ICH should be mobilized later than those with ischemic stroke, despite a lack of evidence to support this view.
14 Consequently, data on the safety and effectiveness of early rehabilitation after ICH are needed.
We aimed to compare VER with standard care in patients with ICH. We hypothesized that VER within 48 hours of ICH onset would result in reduced mortality, morbidity, and better quality of life outcomes when compared with standard care at 3 and 6 months after stroke.
Materials and Methods

Study Design
This was a prospective, multicenter, randomized controlled study, with 2 parallel groups followed up for 6 months with blinded assessment of outcomes. Written informed consent was obtained from all participants before randomization. Patients were assured of their right to refuse to participate or to withdraw from the trial at any time. On completion of the study, patients were presented with a gift (valued at ≈8 USD).
Patient Eligibility
Patients presenting <48 hours after ICH to the neurology wards or rehabilitation units of participating hospitals were recruited to the study. The inclusion criteria were (1) patients with a first time ICH confirmed by MRI or computed tomography; (2) no contraindications to being mobilized within 48 hours of stroke onset (based on the medical teams clinical judgment and exclusion criteria 3); and (3) a Fugl-Meyer 15 stroke deficit score between 27 and 90 (thereby excluding those with severe or minor motor impairments). Exclusion criteria were (1) participants with mild deficits as described above; (2) patients who were unable to complete the baseline survey because of serious aphasia, language difficulties, or cognitive deficits; (3) patient with other medical conditions, such as severe heart failure, acute coronary syndrome, lower-limb disorders, which prevented early mobilization; and (4) patients who were unable to provide informed consent.
Recruitment Process and Randomization
Once eligibility was determined and consent was obtained, participants were informed that they would be randomized to 1 of 2 different styles of rehabilitation: VER plus standard care or standard care. Group allocation was computer generated, using blocked randomization procedures. Details of group allocations were placed into opaque, sealed envelopes, which were strictly held by research staff. The hospital staff were contacted by telephone or emailed the allocation sequence.
Intervention
Both groups received standard care, which was performed on a neurology ward or stroke rehabilitation unit until they were discharged from hospital (average length of stay 28.39; SD, 6.21 days). In China, standard rehabilitation care is performed by the patient's relatives under the guidance of medical staff and usually involves (1) exercises of daily living, stretching exercises, and neuromuscular electric stimulation and (2) functional training in which the patients are instructed to do repetitive and systematic practice of tasks, such as stirring, grasping, and pointing. Rehabilitation is usually commenced 1 week after stroke admission. In this study, all rehabilitation therapies were provided in a nonspecified order to imitate what would occur in normal activities of daily living or clinical practice, and therapy was performed ≥16× per month for 60 minutes each session.
All participants received standard care, but participants in the VER group commenced rehabilitation as soon as practical after randomization but within 48 hours of ICH onset. In contrast, the standard care group commenced rehabilitation after 7 days. Within the first week of admission standard rehabilitation care for ICH involves bed rest or sitting in a chair. There is no showering or active rehabilitation with the main focus being medical management. To avoid contamination, patients enrolled in the trial were encouraged by staff not to replicate the therapy behaviors of other patients.
Baseline Assessments
After randomization, the baseline assessment of demographic characteristics and medical history was undertaken by nursing staff. The data collected included (1) sociodemographic data, such as age, sex, occupation, and education; (2) stroke details such as stroke site, age at onset, stroke severity on the National Institutes of Health Stroke Scale assessment 16 ; (3) medical history and lifestyle risk factors for stroke, such as alcohol intake, drinking, sleeping time, and physical activities; and (4) details of laboratory examinations, such as blood pressure, blood glucose, high-density lipoprotein and low-density lipoprotein. We also collected data on clinical comorbidities, such as hypertension, diabetes mellitus, and cardiovascular diseases.
Primary Outcome
The primary outcome was death. The cause of death was obtained from death certificates and direct contact with patient families by a researcher who was unaware of group allocation (ie, blinded). The end point for the primary outcome was 6 months after stroke.
Secondary Outcomes
Secondary outcome measures were evaluated by blinded research staff at 3 and 6 months after ICH for both intervention and control groups. Participants were provided with paper copies of the questionnaires when discharged from hospital. Participants were asked to return the questionnaires at 3 and 6 months. If they were at home and the questionnaire had not been returned, participants were contacted by the research staff and the questionnaires completed via telephone interview. If the participant was still in hospital, a face-to-face interview was performed.
The following questionnaires were administered: Short Form-36 (SF-36) 17, 18 : This is a health-related quality of life measure containing 36 questions, which are combined into 8 subscales and a physical component summary score and mental component summary score. Scores range from 0 to 100 and higher scores indicate a better quality of life;
Modified Barthel Index
19
: This is a functional measure used to measure performance in activities of daily living. Scores range from 0 to 100, with higher scores indicating better independence in activities of daily living; Zung Self-Rated Anxiety Scale
20
: This is used to assess patients' anxiety levels. Higher scores indicate greater anxiety with a score of ≥60 indicating marked to severe anxiety levels Recurrent stroke: Information on whether patients had experienced a second stroke attack were obtained from the hospital register.
Sample Size
Sample size estimation was based on the number required to detect a difference in our primary outcome of death, as well as our secondary
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December 2014 outcome of disability. We estimated that we needed a minimum sample of ≥170 patients. This sample size provided 80% power (at the 5% level) to detect a 30% reduction in mortality based on the predicted 30-day mortality rate of 50% for ICH in China. 21 A sample size of 120 per group was the final target for this trial to also provide 80% power to detect a 20% difference in the number of participants with severe dependency in activities of daily living (≤70% points on the Barthel Index) at follow-up.
Statistical Analyses
Intention-to-treat analyses were used for all comparisons of outcome. Categorical variables were compared using the χ 2 test. The t test was used to compare continuous variables that were approximately normally distributed and the Wilcoxon Mann-Whitney Rank-Sum test was used for continuous variables that were not normally distributed. The primary outcome of death was assessed using survival analyses. Survival curves were calculated using the Kaplan-Meier method, and the difference between curves was generated using the log-rank test. Survival analyses were confirmed by multivariable analyses adjusted for (1) confounders known to be associated with outcomes: these were hospital, age, sex, and baseline stroke severity (Modified Barthel Index score), heart failure, and diabetes mellitus; and (2) baseline factors with a difference between groups of P<0.1: these were valvular heart disease and annual income. Backward stepwise regression was used to identify variables that had the strongest association with outcome for inclusion in the final model.
Statistical significance was set at P<0.05 (2 sided), and all analyses were conducted using SAS version 9.0 (SAS Institute, Cary, NC) and SPSS for Windows version 13.0 (SPSS Inc, Chicago, IL).
Results
There were 436 patients with ICH admitted to the 3 affiliated teaching hospitals during the study recruitment period (April 2010 to May 2013). Among these, 326 were considered eligible for the study. Figure 1 provides a study flow diagram and outlines reasons for exclusion. A total of 243 subjects were included in the study. We recruited 103 patients from the first affiliate hospital, 71 patients from the second affiliate hospital, and 69 patients from the third affiliate hospital; there were 122 participants in the VER group and 121 in the standard care group. One participant in VER group withdrew before the 3-month interview because of disability and arthritis pain.
There were no statistically significant differences between the VER and standard care groups for baseline characteristic (Table 1) . Average length of hospital stay was 10 days less in the intervention group, 24 days (SD, 11.2 days) in the VER group, and 34 days (SD, 15.1 days) in the standard care group (P<0.001). In-hospital complications were experienced by 73 patients (60.3%) in the standard care group and 64 (53.3%) in the VER group (P=0.318).
The number of participants who reported experiencing ≤2 adverse event during the 6 months after ICH were significantly greater for the standard care group when compared with that for the VER group 
P<0.001).
Adverse events included any medical problem, such as early neurological deterioration, falls, epilepsy, infection, pressure sores, or psychological problems. However, there was no significant difference between groups in the number of participants who experienced a second stroke during the study period. Few deaths were reported for the intervention group during the first 3 months after stroke (VER, 1 death; standard care, 10 deaths). However, the majority were reported for the standard care group. By 6 months, there were a total of 3 deaths in the intervention group (1 because of a second stroke, 1 because of heart failure, and 1 because of diabetes mellitus) and 12 deaths in the standard care group (5 because of a second stroke, 4 because of heart failure, 3 because of diabetes mellitus; Figure 2 ). Patients receiving standard treatment were less likely to be alive at 6 months after stroke when compared with those in the VER group (unadjusted hazard ratio, 4.25; 95% confidence interval [CI], 1.20 to 15.07) and this was confirmed in the multivariable analysis (Table 2) . No significant differences were found for short-term improvements (0-3 months) in secondary outcome measures. However, in the 3-to 6-month period after stroke, there was a statistically significant difference between groups for all outcomes in favor of the intervention group. This was because of both an apparent deterioration in the standard care group and improvements in the VER group. At 6 months after ICH, there was a 6-point difference between the intervention and the control group for the Physical Component Summary score (95% CI, 4.2 to 8.7), a 7-point difference between groups for the Mental Component Summary score (95% CI, 4.5 to 9.5), a 13-point difference between groups for the Barthel Index (95% CI, 6.8 to 18.3), and a 6-point difference in Self-Rating Anxiety Scale scores (95% CI, −8.3 to −4.4; Table 3 ). The differences between the 2 groups were clinically meaningful for all of the SF-36 subscales, the SF-36 summary scores (minimal clinically important difference, 5), and the Barthel Index (minimal clinically important difference, 2).
22,23
Discussion
This is the first randomized controlled trial in a large sample of Chinese patients to compare the effects of VER with standard care on long-term outcomes in patients with ICH. The most important finding was that patients with ICH who were randomized to VER were much more likely to be alive at 6 months than those who received standard care alone. Patients who received VER also had a shorter length of hospital stay and reported significantly greater quality of life, independence with activities of daily living, and improved mental health outcomes at 6 months after stroke when compared with those randomized to standard care. Our results provide evidence that VER is beneficial for patients with ICH. Although the overall mortality rate was lower than that estimated in our power calculations, the effect size was well above the anticipated reduction of 30% in the intervention group.
Although the existing evidence remains limited, our results are similar to those reported in recent phase II or pilot studies performed in general stroke populations. 8, 10, 24 In the A Very Early Rehabilitation Trial (AVERT) phase II trial (71 participants) those who received very early and intensive mobilization demonstrated significant improvements in secondary outcomes, such as disability at 12 months but not at 3 or 6 months. 8 Other smaller pilot studies, such as the Very Early Rehabilitation or Intensive Telemetry After Stroke (VERITAS) trial in the Unit Kingdom and the very early mobilization trials in Norway and Sweden, 10, 24, 25 also showed early mobilization to be safe and feasible. Participant numbers in these 2 studies were small, and patients were only followed up for 3 months. As demonstrated with our trial, and the AVERT Phase II trial, longer follow-up periods (≥6 months) may be needed to demonstrate the full benefits of VER.
In our study, the differences between groups at 6 months were because of a combination of functional deterioration in the standard care group and improvements in the VER group. China is a developing country with an evolving healthcare system. There are few trained and skilled health practitioners for treating stroke, and there are no primary care medical practitioners in the community (ie, all health care is accessed through the hospitals). 26 Consequently, stroke survivors are discharged home with little or no support, follow-up, secondary prevention strategies, or health maintenance. 26 Family members look after the stroke survivor and perform ongoing rehabilitation and care.
The shorter length of stay and early commencement of rehabilitation in our intervention group may have meant that family members were more likely to continue to encourage the patient to be active once they returned home when compared with those in the standard care group. Those in the standard care group may have taken on a more dependent role, resulting in adverse long-term health consequences. This may have also been partly because of this participant group being aware that they were not allocated to the early rehabilitation treatment as outlined in the participant information form creating 
Implications for Clinical Practice
Our trial demonstrated that it is safe to commence rehabilitation within 48 hours after ICH. The exact mechanism by which VER improves outcomes is not known. The larger mortality rate of the standard care group in the first 3 months after ICH may be because of reduced complications in the VER group (such as pneumonia or pulmonary embolism). This is similar to results from the VERITAS study, and the AVERT study in which fewer adverse events were reported for the intervention group at 5 days and 3 months, respectively. 8, 10 China is a developing country and so has not yet established an integrated 3-grade rehabilitation system. 27 The lack of skilled allied health staff and trained rehabilitation doctors means that in-hospital rehabilitation needs to be performed by the patient's family. The hospital-based VER trialed in our study is, therefore, suitable for the current Chinese situation and should be easy to implement in the current system.
Limitations
Our inclusion criteria were broader than that used in previous studies performed in general stroke populations, 8, 24 such as no upper or age limit, increasing the generalizability of our results. However, there are some limitations to our study. Death rates in our trial were low when compared with casefatality rates reported in epidemiological studies. 1 However, our results are consistent with recent data from the nationwide China National Stroke Registry, whereby 22.5% of patients with ICH died at 6 months. 28 Our low death numbers may have been because of selection bias based on (1) our exclusion criteria such that severe cases were excluded; (2) differences in socioeconomic status (participants had above average earnings and socioeconomic status); and (3) the characteristics of the hospitals involved in our trial. The 3 hospitals in our study were large teaching hospitals that are difficult for the general public to access because of both demand on services and the higher costs borne by patients. There may also have been many patients with severe ICH who died at home and so were not admitted to hospital.
Another limitation is that we did not collect baseline data on important predictors of death in patients with ICH, such as hematoma volume and details of hematoma site. It is possible that, by chance, these markers of ICH severity were unbalanced between our groups in favor of the VER group. We used alternate measures of stroke severity at baseline to account for this possibility in our multivariable modeling. Although the time of commencement of rehabilitation was specified, we do not know whether the dose of rehabilitation was the same for each group. This is because rehabilitation was performed by the patient's family, which meant that it was not possible to record the exact amount and type of rehabilitation received by patients. Also, although we measured the number of adverse events during the study period, we did not record the details of these events.
Inclusion into the study was, in part, subject to clinical judgment. Although this should not have biased the results, it may affect the generalizability of the study because clinicians may have different subjective criteria. Also, patients were recruited from hospitals in only 1 city in Shaanxi Province, China. Therefore, we do not know to what extent our results can be generalized to other areas in China or the feasibility of implementing our model of VER in hospitals in other regions. The differences in standard care and postdischarge management between China and other countries may also affect the generalizability of the results. However, given the magnitude of the differences between the intervention and the control group in this study VER is likely to be beneficial for patients with ICH when compared with most other standard care models.
Conclusions
Commencement of rehabilitation within 48 hours of ICH significantly reduced hospital length of stay and improved longterm survival and morbidity outcomes when compared with standard practices in China of commencing rehabilitation 7 days after ICH. The feasibility of VER as a treatment option for patients with ICH has also been shown. The large benefits of VER for patients with ICH demonstrated by our study highlights the need for further research in this area. Larger trials across multiple settings and countries specific to this group are needed.
